Objective: To assess the degree of underestimation of nutrient intakes caused by missing data in McCance and Widdowson's food tables and supplements, the standard food tables used in the UK. Subjects: 1026 children aged 18 months. Setting: A research clinic in Bristol. Interventions: A 3-day dietary diary was completed for each child. These were coded and analysed using a database consisting of the unedited information in the food tables, to produce a set of`uncorrected' nutrient intakes.`Guesstimated' values for nutrient content were then added to our nutrient database in place of the missing values in the food tables, and the daily nutrient intakes were recalculated. Main outcome measures: Calculated daily nutrient intakes before and after substituting missing data in the food tables for guesstimated values. Results: Of the 1027 foods used in the analysis, 540 had missing data for one or more nutrient content. For several of the nutrients examined adding guesstimated values altered the calculated nutrient intake of more than 90% of the subjects. However, for nutrients such as the B vitamins and the major minerals the mean percentage underestimate was very small. We calculated the underestimation of nutrient intake to be largest for vitamins E and D (13.8% and 14.7%, respectively). The effect of missing data on calculated nutrient intakes was proportionately greater at the bottom end of the nutrient intake distribution. Conclusion: Missing data has a fairly small effect on calculated mean daily intakes. However, it can result in some individuals being misranked within a nutrient intake distribution. The availability of a standard set of guesstimates' to use in place of missing data would reduce this problem, and would improve comparability between dietary surveys.
Introduction
The food composition tables and their supplements do not contain complete nutrient content information for many of the foods listed. Where the content of a nutrient in a food is not known,`N' is printed in the food tables, and the value 0 will be used for this nutrient content in any calculation using the computerized version of this data. This will lead to an underestimate of this nutrient intake, as in most cases the actual amount of the nutrient present in the food will not be 0.
It is stated in the introduction to the food tables that these unknown values should not be treated as 0, and that à guesstimated' nutrient content from a similar food should be substituted. However, in practice this rarely happens, and the computerized data are often used as they stand. This is particularly likely to be the case when using the supplements which, since they are intended to extend the information in the basic food tables, may be assumed by unwary researchers to contain more complete data. In a paper published in 1985, Black et al assessed the degree of underestimation of the intake of the lesser B vitamins caused by missing data in the 4th edition of McCance and Widdowson's`The Composition of Foods'. However, as far as we are aware, there are no other published studies assessing the degree of underestimation of the intake of other micronutrients and using the 5th edition of McCance and Widdowson or its supplements. Using dietary records collected from a group of 18-month-old children, we have calculated nutrient intakes before and after adding guesstimated values for missing data to the supplements to the food tables. We have used these`before and after' calculated nutrient intakes to assess the extent of underestimation caused by the missing data.
Methods
This study forms part of the Avon Longitudinal Study of Pregnancy and Childhood (Golding & ALSPAC, 1996) . Three-day dietary diaries were collected from 1026 children attending a research clinic at 18 months of age as part of a sub-study called`Children in Focus' Ð this has been described in more detail elsewhere (Sherriff et al, 1999) . The child's carer was asked to record in household measures everything the child ate and drank for two week days and one weekend day. The completed diaries were brought to the clinic, where the carer was interviewed by a trained assistant to clarify any anomalies or uncertainties in the diaries, for example cooking methods or types of bread and milk used.
The completed dietary diaries were coded using the computer programme DIDO (Data In, Diet Out; Price et al, 1995) , which is designed for direct entry of dietary records. The programme generates a food code and an associated weight in grammes for each item of food and drink recorded. This was then converted to a total nutrient intake on each day using a database containing the food composition data from the 5th edition of McCance and Widdowson's`The Composition of Foods' (The Royal Society of Chemistry and MAFF, 1991a) Chemistry and MAFF, 1994) , meat, poultry and game (Chan et al, 1995) , and meat products and dishes (Chan et al, 1996) . An`uncorrected' average daily nutrient intake (UDNI) was then calculated for each person.
We then produced a list of all the food codes used in the dietary records. These food codes were checked for missing nutrient data, and a`guesstimated' value substituted, based on similar foods or manufacturer's food composition information. For example, the vitamin E content of Raisin Splitz was estimated from the values for Shredded Wheat and sultanas (the vitamin E value was also missing for raisins!), and the missing nutrient values for spaghetti canned in bolognese sauce were based on data obtained by us from Heinz. The average daily nutrient intakes were then recalculated, including the guesstimated values, to give a guesstimated daily average nutrient intake (GDNI). The underestimation (UE) of nutrient intakes caused by the missing data was then calculated using the formula: UE GDNI À UDNI and the mean percentage underestimated (UE%) was calculated using the formula:
Results
The total number of different food codes used was 1027. This included 126 food codes from our own database, which covered items which were not included in the 5th edition of McCance and Widdowson's The Composition of Foods or its supplements, and which had been entered without any missing nutrient data. Guesstimates in place of missing nutrient data had already been added to around 115 foods before calculation of the UDNIs. Guesstimates were added to a further 425 foods before the calculation of the GDNIs. Table 1 shows the mean and median of the UDNI, the GDNI and the amount and percentage of the underestimation for each nutrient, as well as the proportion of subjects for whom the calculated nutrient intake was altered by adding guesstimated values. All nutrients where the GDNI differed from the UDNI for 10% of the sample or more have been shown. For some nutrients nearly all the subjects had a change in their calculated intake after adding guesstimates, for example selenium (94.7% of subjects affected) and iodine (99%). The underestimation of intake due to missing data was particularly large for vitamins D and E, where the mean UE% was 14.7% and 13.8%, respectively. For some nutrients, for example the B vitamins, the percentage underestimate was fairly small (around 1%), even though the GDNI differed from the UDNI in around half the subjects. However, missing data still had a major effect on the calculated intake of some individuals. For example the mean UE% for vitamin B 6 was only 1.1% but the maximum UE% (i.e. maximum underestimateamean GDNI) was 139% (data not shown). We also calculated the 2.5 and 97.5 percentiles of the UDNI and GDNI. This showed that the effect of missing data on calculated intakes was proportionately larger at the bottom end of the distribution.
Nutrients examined where the calculated intake was largely unaffected by missing data (less than 10% of intakes affected) were energy, total fat, total carbohydrate, protein, sugar, starch, sodium, iron, copper and zinc. Micronutrient intakes which were not calculated in this analysis but were likely to be notably affected by missing data included manganese, pantothenate and biotin.
To examine the extent of misclassi®cation which might be caused by missing data, we classi®ed the GDNIs as above or below the median value of the UDNI. The nutrients which differed most from a 50:50 distribution on this basis are shown in Figure 1 . The median of the UDNI was chosen as a cut-off point in preference to one of the dietary reference values, as nearly all the children were consuming more than the reference nutrient intake for most nutrients.
Discussion
We found that roughly half the food codes we used in this dietary survey of 18-month-old children had missing data for one or more nutrients. Adding guesstimates in place of these missing data had a relatively small effect on the calculated mean intake for most nutrients. However, for some nutrients the calculated mean intake was altered by more than 10%. There was a relatively larger effect on calculated intakes at the bottom end of the distribution.
The only similar study we have found in the literature is that of Black et al (1985) , which examined the extent of underestimation of intakes caused by missing nutrient data, using weighed dietary records from a group of pregnant women. The nutrients they examined were vitamin B 12 , vitamin B 6 , folate, pantothenic acid and biotin. They calculated vitamin B 6 to be underestimated by 3.3% and folate by 5%. This is considerably more than our calculated underestimates of 1.1% and 0.8%, respectively. There are several possible reasons for this disparity. Their study was done using earlier versions of the food tables which presumably contained more missing data. In addition, our results probably fall short of the likely degree of underestimation of nutrient intake which would occur if the food tables were used as they stand, as we had already added guesstimated values to some foods in a previous analysis, and also used around 10% of our own food codes, which contained no missing nutrient data. We have also based our assessment on dietary records taken from 18-month-old children. It is likely that if a similar assessment were done using adult diets the degree of underestimation caused by missing data would be somewhat greater. This is because Effect of missing data in food tables I Cowin and P Emmett The percentages shown in the underestimate row are the mean underestimates as a percentage of the mean guesstimated daily nutrient intake, that is mean UE % (mean UEamean GDNI)6100%. S. Southgate; E. Englyst.
Effect of missing data in food tables I Cowin and P Emmett children of this age still consume signi®cant amounts of prepared baby foods, which are relatively nutrient rich and for which we had very complete compositional information. In particular the relative underestimate of iodine intakes is likely to be much higher in adults. Iodine values are missing for a large proportion of the foods in the food tables, and 99% of our sample had a calculated iodine intake which was affected by missing data. However, 18-month-old children obtain a large percentage of their iodine intake from milk and milk products, and very few of these particular foods have missing values for iodine content, thus the mean UE% was fairly small. It would be useful if further studies were done to investigate the likely degree of underestimate in other age groups.
Our results suggest that on the whole missing data has only a small effect on calculated average nutrient intakes, particularly for nutrients such as the B vitamins and the major minerals. However, while it is probably true that`the major sources of any nutrient are likely to have been analyzed and included in these Tables' (The Royal Society of Chemistry and MAFF, 1991a) , missing data still led to intakes of some nutrients being considerably underestimated. Furthermore, a food which was not a major source of a nutrient while the food tables were in preparation may well become one by the time they are in use. For example, fromage frais was unlikely to have been a major source of any nutrient 10 years ago, while it now forms a surprisingly large part of the staple diet of many small children. Missing nutrient data for such foods could result in misranking of individuals within a nutrient intake distribution, which would affect the results of any studies relating dietary intake to health. The degree of underestimate was largest among those with low nutrient intakes, the group which is often of most interest epidemiologically.
The publishing of supplements to the food tables which contain the same missing data as the original table seems a little odd. This is particularly so for very commonly eaten foods such as gravy granules, which had no data for cholesterol and three types of fat, two minerals and eight vitamins, and were consumed by 32% of the children in our survey. We suggest that`guesstimated' values be added to the books and their database versions by the Royal Society of Chemistry, rather than leaving this to individual researchers, as it is a painful and extremely time consuming process. Although it is fairly easy to derive`guesstimated' values for some foods (for example manufacturer's information from Heinz was used to give guesstimated nutrient values for 32 foods), there are other commonly consumed foods such as rhubarb where it is very hard to think of something similar to base the estimated nutrient values on. In some cases, even where manufacturers possess very complete compositional information on their products, they are extremely reluctant to divulge it. It is likely that without a readily available set of`guesstimates' to supplement the food tables the practice of using a zero for unknown values will remain common. Deharveng et al (1999) have recently reviewed the problems in comparing nutrient intake values obtained in the different countries participating in the`EPIC' survey. They point out inconsistencies between the food composition tables used, such as varying methods of nutrient analysis and expression and different nutrient de®nitions. The problem of missing data will add to these inconsistencies, since even within a country nutrient intake values obtained by different researchers will not be directly comparable unless the same guesstimates have been added in place of missing values. The availability of a standard set of guesstimates applying to a particular food composition table would avoid this problem. in children aged 12 and 18 months. Effect of missing data in food tables I Cowin and P Emmett
